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This invention.relates to electronic control eir-

cuits and particularly to the’ type providing pro-_

tection of electrical cn'cmts against posmble'
overload.

Prior art devices for protecting electrical cir-
cuits against overload have been relatively com-
plex in constructmn and expensive. In accord-
ance with the invention, these difficulties are
resolved through the use of a simple electromc‘
circuif. controlling a - single on-off relay: This
arrangement results in a very sensitive overload
protective device which is sufficiently rugeged o
insure satisfactory. operation despite shock and
vibration. In addition the electronic circuif can
be readily adjusted to-accommodate high as well-

as. low current consuming-loads while- maintain-

ing its high sensitivity of: operatlon
Accordingly, it is an object of my-invention to

provide an improved. electronic control “circuit: .

Another object of my irivention is to provide a
sensitive control circuit which will-lock out an
overloaded circuit. ' ’

Another object of my invention is to provide. a
highly sensitive overload protection apparatus.

"Another. object of my invention is to provide
an improved overload protective apparatus for
accommodating both low and high current con-
suming load circuits.

Another object.of. my invention is to provide a
control circuit which. is highly sensitive to
changes. in electrical signals of.both- high and
low intensity. o

The novel features which I believe to be char-
-~ acteristic of. my. invention are. set. forth with
particularity in the appended.claims. My inven~
tion itself, however, both as to.its. organization
and method of operation together with further
objects and advantages thereof. may best . be
understood by reference to. the following descrip-
tion taken in connection with the. accompanymg
drawing illustrating in circuit diagram form an
embodiment of my invention.

Referring to. the drawing there. is shown a
utilization cireuit | connected to the .output of:a.
full.wave rectifier.2. Rectifier.2 in turn.is.con-
nected. to a power. supply, conventionally. repre-

sented as a 110 volts, 60. cycle source, by. means of-

a ground connection and the lead 3. In lead-3
there is serially inserted a pair of normally open
contactors 4 and 6. The purpose of the. asso-

ciated control circuitry to be described shortly.
is .to affect closure of contacts 4 .and-§ thereby.

penmttmg energization of the utilization circuit.

{ from the.alternating potential source and.in..

the_event_that. predetermined operating. condi-
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tions. are net encounter ed-at any time.thereafter.
to open 'the contacts 4 and-§ thereby de- energiz- .
ing the utilization circuit (.

An overload pro*ecnve system. of this type. finds.
many possible apphcatlons For instance.in the.
event-the utilization circuit { comprlses an oscil-
lator, any instability in the oscillator circuit. will:
result. in having. the ‘oscillator. disconnected from:
the power supply. It should be.clearly under-
stood,. however; that. the invention.is. not. re~
stricted. to .this specifie. application . and. many:
other types of operating.conditions may.be estab-
lished as. the. determining. factor by. providing.
suitable measuring and-indicating. devices to. re-
spond to these conditions. For instance.-such.
conditions .might be excessively high voltage, ex--.
cessive current.frequency. deviations.or any.com= .
binations of these and similar factors.

Referring to the.embodiment illustrated in.the
drawing. there. is shown.a relay. winding 8 asso-
ciated with. the contactors 4 and.b. In.order. to.
control energization of the winding a gaseous dis-
charge device T is provided:. Device .T-comprises.
an anode. 8, a.cathode 9, a. screen grid. 19, and-a .
control grid i1. The gaseous discharge. path of.
device 1 is.energized from.the 110. volt. source..
through winding 6 connected:between. the.anode:.
8 and.one. terminal.of the alternating. potential.
source, and through resistor. 12. connecting the.
cathode 9 via the ground connection to the.other.
terminal of the. alternating. potential  source.
Between the cathode 9 and resistor. 12 there:is.
inserted, a. normally closed stop switch 13. Re-
sistor 14 and condenser. 15. provide a. ground res
A momentary. start.
switch {6 is provided to connect the control.
electrode . 11 to the cathode 9. through. the nor-
mally closed switch 13.. A pair of contactors {T.
and - (8. provide. a lock-in circuit around . the..
momentary, start. switch 16. Resistor 19 con-
nected. petween lead 3 _and junction 20 provides.
a control bias. for the. cathode 8.by dividing.the.
110. volts . bebween. resistor 19. and resistor .12,
Operating . potential.-for the screen.grid 18:is ob=.
tained: by connection. 24: to. the. center. tap. of- -
secondary. transformer. winding. 22 and.- series.
connected resistors.23 and 12.connected.between:
the screen. grid 18 and .ground:. The rectifier.cir-
cuit. 2 is conventional and . comprises.a primary.
transformer winding. 24. for energizing,  the.
secondary . center tapped. winding 22:. The end .
terminals of the secondary. winding 22:are.con-
nected to.respective anodes.25.of a:dual.dicde: .
rectifier. tube.26; The. resulting . unidirectional.
potential .developed:at.the cathode. 21 is.fiitered -
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3 .
in the circuit 28 before application to the utiliza-
tion circuit 1.

The switch and contactor positions shown in
the drawing correspond to the condition when
the load circuit | is unenergized.

It should be noted that the circuit arrange-
ment disclosed prevides energization of the gas-
eous discharge path of device T through the load
resistor 12 and the relay winding 6. The use of
a gaseous discharge device in the manner dis-
closed provides a desired switching action in that
the resistance between cathode and anode is
high enough to be considered an open circuit as
long as the control electrode (i is negative with
respect to the cathode. However, if the voltage
at the control electrode I is made positive
enough to ionize the gas in the device 1, the re-
sistance between cathode and anode becomes so
low as to be negligible in many circuits and will
stay that way regardless of what potential is ap-
plied to the control electrode. This is the con-
dition of conduction of a thyratron and it con-
tinues to conduct a relatively high current until
the anode and control electrode are brought to
within a few volts of each other. The point at
which the gaseous discharge device T conducts
originally can be varied to a certain degree by the
amount of negative potential placed on the shield
grid 10, With the control electrode i1 and cath-
ode 9 tied together, as is contemplated in the
arrangement of the drawing, and the shield grid
10 maintained at a fixed potential, device 7 con-
ducts whenever a sufficiently high positive voltage
is supplied to the anode § and continues to fire
until the anode potential is lowered to within a

few volts of the control grid 1. Once the device
1 conducts it cannot be extinguished in any other
way.

If for some reason the shield grid 18 is supplied
with a given negative voltage with respect to the
cathode, the potential at the anode 8 must be
higher than previously mentioned in order that
the device T may conduct. When the rectifier 2
is energized, all of the current drawn by the utili-
Zation circuit passes through resistors 23 and 12
to ground thereby developing a negative poten-
tial between the shield grid If and the cathode
9. By varying the value of resistor 23, ahy de-
sired potential difference may be established be-
tween the shield grid and the cathode. Actu-
ally, the gaseous discharge device 1 requires only
& very small change in the current drawn by the
utilization circuit | to provide the small voltage
differences required between the shield grid and
the cathode to provide the protective action de-
sired.

The alternating potential bias applied by the
voltage divider action of resistors 18 and 12 to
the cathode 9, insuregs that the gaseous discharge
device T will not conduct unless the grid {1 is
connected to it. For a given applied cathode to
anode potential, a given negative potential ap-
plied between cathode 9 and shield grid 19 will
keep the device T from conducting during any
portion of the positive going cycle of the alternat-
ing potential applied to the anode 8. To ener-
gize the utilization circuit, the start switch {6
is momentarily closed and since no negative po-
tential is applied between cathode 9 and the
shield grid 10 due to the normally open contacts
4 and 5, device 7 conducts on the next positive
going cycle of alternating potential applied to
anode 8. The resulting electron discharge cur-
rent flow through the winding 6 causes contactors
4 and 5 to close thereby applying alternating po-
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tential over lead 3 to the rectifier circuit 2. Cir-
cuit 2 in turn energizes the utilization circuit |.
Assuming normal operation of the utilization cir-
cuif, the resultant load current flow through the
resistors 28 and 12 develops a potential difference
between the shield grid 10 and the cathode 9
of a magnitude slightly greater than that re-
quired to prevent subsequent conduction of the
device 1. In addition, due to current flow in
winding 6, contactors 17T and 18 are closed there-
by short-circuiting the momentary start switch
{6. This connects the control grid Il to the
cathode 8, thereby permitting continued con-
duction of the gaseous discharge device. To in-
sure that the winding 6 remains energized during
the negative going portions of the alternating po-
tential applied to the anode 8, condenser 29 is
connected across the winding. Thus the energy
stored in the condenser 29 during the positive
going portions of the applied anode potential
discharges through the winding § during the
negative going portions to maintain current flow
therein and insure that contactors 4,5 and (1,
{8 are maintained closed.

In the event the utilization circuit overloads
the rectifier 2, the resultant increase in current
flow through resistor 23 correspondingly increases
the negative potential between the shield grid 19
and the cathode 9. The winding 6 remains ener-
gized for the balance of the positive cycle of
anode potential, but device T will not conduct on
the succeeding positive cycle due to the increased
potential between the screen grid and cathode.
The contactors 4, § and (1, (8 open when the dis-
charge current from the condenser 29 drops be-
low a given level. 'This immediately de-energizes
the utilization circuit | and opens the grid to
cathode circuit of tube 7. In order to re-ener-
gize the load circuit, the start button 1§ must be
pressed again to initiate the previously mentioned
series of operations, If at any time it is desired
to de-energize the load circuit, the stop button
may be momentarily opened thereby interrupting
gaseous discharge current flow through the wind-
ing 6 and permitting the contactors 4, 5 and 17, (8
to open.

The sensitivity of the control circuit of the
bresent invention may be best appreciated by
considering a practical embodiment in which
115 volis alternating potential was applied to the
anode 8 as shown in the drawing. An alternat-
ing potential bias of 3.4 volts was developed
across resistors 19 and 12 at the eathode 9, This
set of voltage conditions required 1.05 volts of
negative potential difference between the shield
grid 18 and the cathode 8 to keep the thyratron
from conducting, In this particular instance,
the utilization circuit { consumed 100 milliam-
beres of current from the rectifier circuit 2. Ac-
cordingly, a resistor of 100 ohms was employed
for 23, developing a negative 1 volt of potential
across it. As long as the current consumed by
the utilization circuit stayed below 105 milli-
amperss, the utilization circuit | was main-
bained energized, However, as soon as the cur-
rent drawn by circuit | thru resistor 23 reached
105 milliamps, the device 7 was prevented from
conducting, thereby disconnecting the utilization
circuit | from the power supply.

The simple manner in which the hias for the
screen grid 18 is obtained permits ready appli-
cation of the circuit to accommodate high as
well as low current consuming circuits while
maintaining a high degree of sensitivity.

While a specific embodiment has been shown
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and described, it will be understood that various
modifications may be made and developed de-
parting from the invention. The appended
claims are, therefore, intended to cover any such
modifications within the true spirit and seccpe
of the invention.

What I claim as new and desire to secure by
Letters Patent of the United States is:

1. An overload protective apparatus for a load

circuit coraprising a two terminal source of alter- :

nating potential, a gassous discharge device in-
cluding an anode, a cathode, a control grid and a
shield grid, a relay including an operating wind-
ing and a pair of normally cpen centacts for con-
necting said ecircuit to said source, said winding
connecting said anode to one terminal of said
source, said load circuit including a first and
2, second resistance connected in series between
said shield grid and said other terminal, a third
resistance connected betwesn the junction of said
first and second resistances and said one termi-
nal, means connecting said cathode to the junc-
tion of said resistances, means connecting said
control electrode to said other terminal, & nor-
mally open switch connected between said con-
trol grid and cathode, the alternating potential
bias developed across said second resistor be-
tween said cathode and said other terminal nor-
mally maintaining said device non-conductive
during positive excursions of the alfernating po-
tential applied between said anode and said
cathode, and another pair of normally open con-
taets included in said relay and paralleled with
said switch to maintain conduction in said
device during positive excursions of the alternat-
ing potential applied between said anode and
said cathode, said device being responsive to a
change in shield grid-to-cathode potential re-
sulting from current flow in said resistances
above a given amplitude for rendering said device
non-conductive,
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2. A control system for selectively conditioning
an energizing circuit for a utilization device com-
prising a gaseous discharge device including an
anode, a cathode and a pair of contrel electrodes,
a source of alternating potential having one ter-
minal coupled to said anocde and another ter-
minal coupled to one of said control electrodes,
a voltage-dividing impedance including end por-
tions connected to said terminals of said source
and a portion intermediate said end portions
connected to said cathode for providing a bias
potential between said cathode and said one
control electrode of a magnitude sufficient to
prevent conduction in said device, another im-
pedance included in series relation with said
energizing cireuit and coupled to said cathode
and to the remaining one of said control elec~
trodes to provide another bias potential for con-
trolling conduction in said device in response to
the amount of current flow in said energizing
circuit, a relay device having a pair of electrical
contacts in series relation with said energizing
circuit and a contact-actuating winding included
in the anode-cathode current path of said de-
vice responsive to a change in current flow in
said path for actuating said contacis, and means
for reducing said first-mentioned bias potential
to initiate conduction in said device.

ROBERT W. BROWN.
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